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„ ^ rKfift niTiMn OF THE INVENTION 

1 The Field of the Invention 

The present invention relates to a metallized integrated eircuit structure, and 
particularly to a metallized interconnect structure situated on a semiconductor substrate 
assembly and methods for making. 

2 ThA Relevan t Technology 

Current technology for metalhzation of an integrated circuit involves the forming 
of a conductive layer over the integrated circuit A typical metallization process is one that 
is performed a. the "back end of the line" which is after the formation of integrated circurts 
tot are to be wired by tire metalHzation process. A single conductive layer is often formed 
so ,ha, i, is situated above the integrated circuit to be wired. After the conductive layer >s 
formed, it is men patterned and etched into a shape of the desired wiring necessary to 
metallize the integrated circuit. Since the conductive layer is situated above the integrated 
circuit me resultant metallization wil. also be above me integrated circuit in a "winng up" 
scheme. 

Another type of metallization involves the formation of a conductive layer at least 
in par. beiow the integrated circuit in a recess composed of an dectrically insulative or 
dieieetric material. Such a wiring scheme may be described as ."wiring down" scheme. 
The recess can be either a trench, a hole, or a via. Depending upon the aspect ratio of the 
recess, poor step coverage of the conductive layer within the recess may result Vo,dsm me 
conductive layer within the recess may also result when tire conductive layer does no. 
completely fill up me recess. Voids and poor step coverage can cause me in.egra.ed circu,, 
.o experience an ekctrical failure. The electrica. failure can be experienced dunng 
fabrication of me in.egra.ed circuit or after a period of time ma. me integrated circuit has 
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, I t.enmuse.suchaswhe.e.ectfcalcon.actwiA.heconductivelayerin.he^esshasbeen 

los' because the material of the conductive layer moves. 

I, would be an advantage in the art to overcome tie problems of poor step coverage 
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^ ™t hv wav of limitation, a doped silicon 
assembly may be, by way of example and not by way 

frr The novel process forms the dielectric material into 
assembly of the semiconductor wafer. The novel proc 

u „ The shaoe formed in the dielectric material will 
a recess having a specified geometry shape. The shape torm 

arecesshav g P can be a ^nch, a hole, a via, or a combination of 

preferablybearecesstherein. The recess can b 

atr enchandaholeorvia. The dielectric shape canbe formed by processing 
materialbywayofdryetchingorotherrecess-creatingprocess. 

.v. fo ma tPri a l that will be used to fill up the 

rr— — 

pcc p re ferablv the material from which the seed layer 
metallization process. Preleraoiy, mc 
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d is selected from the group consisting of ceramics, metallic, and intermetallics. 
• / of aluminum titanium nitride, titanium, and titanium alumm.de. 

^ftomwhich^edec^y conducive iayer is ccnposed. 

^ energy absorbing iayer is to fonned upon «he conductor iayer. The « 
^ „ nreferabiy have a greater thermai absorption capacity fl.au that of the 

i^r::— — — — — r* 1 : 

the electrically conductive layer is composed. As another 

, f material having both a higher thermal msulation 
nreferablv be composed of a material navmg u 

k w a laver a pressure above atmospheric pressure can be applied to the 

of the enerev absorbing layer, a presume au 

of the energy ^ ^ ^ layer 

semiconductor substrate assembly to better assist in p 
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F „„„wi„g .he s.eps of heating or heaing and pressurizing .he energy absorhrng 
my aUore m oveap<>r«onof*eeonaue,ive 1 a y ersi^ahove*eaie 1 ec tt Hcs tt nch l re. 



~H 18 
^ 19 

O § <§ES- 22 



23 



52 

3 < « 



o 



25 



26 



- Page 6 - 



Docket No. 11675 



m 



ISP? 

H 8 



S3 

CO 



10 
11 
12 
13 
14 
15 
16 
17 



accompanying drawings in which: 

• , u ■ „ dielectric structure formed therein that is shaped as a recess 
dielectric material having a dielectric suwui 

and an energy absorbing layer. 
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Fig ure , depicts a - to*- — - — * 10 ' A SUbSttaK kn ° Wn 
, . silicon ,ayer 22 is formed in sen— substrate assembly >», - a dielectric 

^ — ' — — ' 

layelMt — a,a tt enc h 20 f o m ,ed ta d i e 1 ec«c m a,e ri aIU.T K ne h2 0 is — 

in cross-section. 

Figure2 s h owsac roS , S ec ti o„nsee»Fi 8 u re ,A n o tetre neh3 2 ,anda„o te 

ho^areatsodepicted. T—» fc — —» — — —■ ^ ^ 

depicts a hole 34 having a triangular .0— and extending from a .op surface 

i xuhm filed with materials tor a 

dielectric material 14 to terminate at silicon layer 22. When filed w 

, , ■ ~t w« 18 34 and trenches 20, 32 become 
metallization process and subsequently plananzed, holes 18, 34, and 

interconnectstruchtresinureme-zationprccessasd^ribedbelow. 

To initiate the metallization process, dielectric materia, .4 is formed upon smcon 

byconventionalprocessmgmemodssuchaspatterningandetchmg. 

After dielectric material .4 has been processed into tire desired configuration 

• . f„™„ harrier layer 24 over the dielectric structure 16. Barrier 
recesses, the next step is to form a barrier layer 

byCT 24 may be formed, by way of example and no, by way of limitation, by muM 
d U»o f ama,erial.Themate ri ,fromw M chbarrier,ayer24 i scomposedp« 

— — 

barrier to prevent the diffusion of material through barrier layer 24. 
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Earner layer 24 will preferably be a substantially continuous coating of material 
overthe recesses in dielecfric materia. 14. Barrier layer 24 may be comprised of refractory 
metals or nitrides thereof, such as titanium, tungsten, tantalum, titanium nitride, tungsten 
nitride, or tantalum nitride. Typically, barrier layer 24 is titanium and/o, titanium nitrtde 
together. Barrier layer 24 can be particularly important in the areas where holes 18, 34 
extend past dielectric material 14 to terminate at silicon layer 22. 

The next step, which may be desirable in the inventive method depending upon the 
composition of materials used to fill the recesses in dielectric material 14, is to thermally 
process barrier layer 24. The Aermal processing of barrier layer 24 helps to improve 
eiectrica. contact of the interconnect structures being formed. For example, if titamum „ 
deposited, then i, is desirable that a therma. process be performed. Tne thermal process 

a, a selected temperature at which nitrides are formed on the surface of tbe titanium. ,f 
barrier iayer 24 comprises titanium or titanium nitride, argon may be used as the 
environment for thermal proving. In this example, titanium exposed to the mtrogen 
environment would form titanium nitride and exposed silicon would form silicon nttr.de. 
Asmemerma.processheafc.he semiconductor substtate assembly, silicide would 
form so as to create a desirable contact resistance with silicon layer 22. 

A seed layer 26 is formed over barrier layer 24 in the next step of the inventive 
method. The type of material used as seed layer 26 is dependant ucon subsequent 
processing. If some type of subsequent reflow process is needed for later added layers, or 
evenaCVDprocess is going to be used for reformation of seed layer 26, seed layer 26 wrl, 
preferably be formed prior to subsequent passing so as to clean barrier layer 24. The use 
of seed layer 26 provides a surface on barrier layer 24 that is substantially free of 

depositionandgrowmofalayer of material that will be formed thereon. Additionally, seed 
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,ayer 26 will preferably be the main conductor for current in the interconnect structure and 
will promote surface mobility of materials formed thereon so as to III the recesses in 
dielectric material 14 is a desirable manner. 

By way of example of materials and processes for formation of seed layer 26, a CVD 
tungsten process « be used. When so processed mere will be a nucleation of se^d layer 26 
that will be rich in both silicon artd hydrogen, initially. The CVD tungsten process will men 
preferably undergo a chemistry change in the middle mereof so as to become rich in 
hexflouride such that a more pure form of tungsten material makes up seed layer 26. Those 
of ordinary skill in the art will understand the selection of proper seed layer 26 compositions, 
which selection may be done empirically utilizing chemical potential differences and 
differences to diffusion characteristics of materials. 

The seed layer may also be made of titanium nitride, which is preferred when 
aluminum is used in the interconnect structures. If so, the seed layer should be deposited to 
sin, prior to filling the interconnect structures with aluminum so as to enable the aluminum 
rofteely flow and to avoid binding up the flow of the aluminum. Multiple layers can be 
used to make up the seed layer, which multiple layers will preferably be deposited in a 
vacuum system and will be composed, for example, of bom titanium nitride and/or silicon. 

The next step in the inventive method is the formation of a conductor layer 28. 
Conductor layer 28 will preferably he composed of typical metawzation conductor materials. 
For example, if a reflow or a fill process with aluminum process is going to be used, then an 
aluminum and high pressure fill would be used to substantially cover seed layer 26 in the 
recesses within dielectric materia. 14. The composition of conductor layer 28 may depend 

may not reauireahigh pressure fill ofthe recesses. Mote example of a conductor matenal 

is copper. 
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When aluminum is used as conductor layer 28, the composition of barrier layer 24 
will preferably be selected to avoid a heat induced reaction of aluminum with silicon in 
silicon layer 22 so as to form tetrahedrons in the silicon, wherein by a detrimental effect is 
realized. 

An energy absorbing layer 30 is then formed, preferably by deposition, upon 
conductor layer 28. Energy absorbing layer 30 retains thermal energy and comprises a 
material that has a higher thermal conductivity than conductor layer 28. By way of example 
and not limitation, if conductor layer 28 is composed of aluminum and energy absorbing 
layer 30 is composed of tungsten, the tungsten has a higher melting point that aluminum. 
This results in the tungsten retaining more energy. 

From a spectral point of view, if aluminum is used as conductor layer 28 and 
depending how the aluminum layer is deposited, it is possible to obtain something that is not 
as spectrally reflective. A preferable characteristic of energy absorbing layer 30 is that it 
must be able to absorb more energy than the material that is used as conductor layer 28. The 
purpose behind this requirement is that when challenging structures ; (e.g. recesses in 
dielectric material 14 having aspect ratios greater than four A (4)4e^e^am being formed 
which are to be filled with a conductor, the conductor will flow more freely to fill a recess 
when thermal energy is retained within the conductor by a layer thereon that will better retain 
such thermal energy. As such, the flowablility of the conductor is enhanced so that diffusion 

thereof into the recess is bettered. 

Enhancing the diffusion characteristics of the material of the conductor is achieved 
by either volume diffusion or surface diffusion, each of which are time and temperature 
dependent. The temperature of the conductor is held high for at a longer period of time while 
underlying or overlying materials retain thermal energy. The formation of energy absorbing 
layer 30 on conductor layer 28 substantially retains thermal energy under an interfacial 
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surface of energy absorbing layer 30 so that the thermal energy can diffuse into conductor 
layer 28 

By way of example, if conductor layer 28 is aluminum, energy absorbing layer 30 
can be titanium nitride, tungsten, or even a dielectric substance. A layer of titanium nitride 
isTe^tfermally conductive than aluminum. If conductor layer 28 is copper, examples of 
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energy absorbing layers 30 are tungsten, titanium nitride, tantalum or carbon. 

The next step of the inventive method is to apply energy to energy absorbing 
layer 30. The energy that is applied to energy absorbing layer 30 is transmitted to conductor 
layer 28. Conductor layer 28 is then able to flow and fill voids that have formed in recesses 
within dielectric material 14. With the voids removed, desirable step coverage of the 
recesses within dielectric material 14, and desirable fill of the recesses is achieved. 
Examples of ways to apply energy to energy absorbing layer 30 include, but are not limited 
to, lasers, tube furnaces, RTP or other kinds of radiant or thermal energy. Preferably, energy 

absorbing layer 30 will be heated. 

A preferable step that follows the forgoing steps is the removal of materials from the 
semiconductor substrate assembly by an abrasive planarizing process, for example, chemical 
mechanical planarizing. Material will be removed during the planarizing process until 
planarization line 36 seen in Figure 2 is reached. The resulting interconnect structures have 
been metallized so as to be buried within dielectric material 14, and as such can be 
considered to be a metallization by "wire-down" technology. Subsequent and conventional 
processing can then follow* in the fabrication processing of the semiconductor substrate 
assembly. 

Figure 2 shows a novel dual damescene structure depicted as hole 18 and trench 20 
filled with each of barrier layer 24, seed layer 26, and conductor layer 28, where trench 20 
has been planarized at planarization line 36. Planarization line 36 makes the metallization 
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ta » "inlaid" form. Thetwo or "dual" metaffizationdamescene stnKture is seen inthe inlaid 

combination of both hole 1 8 and trench 20. 

The disclosed novel memod is capable of desirable step coverage and being capable 

offfllingtaarecessv^htaadielec^ 

(4) to one (1). As such, the novel process improves both the yieid and reliability over 

conventional processes. 

The present invention may be embodied in other specific forms without deparnng 
tom its spirit or essential Cwacteristics. The described embodiment, are to be considered 
in all respects only as illustrated and not restrictive. The scope of me invention is, therefore, 
indicated by the appended claims rate man by the foregoing description. All changes 
which come within the meaning and range of equivalency of the claims are to be embraced 
within their scope. 

What is claimed and desired to be secured by United States Utters Patent is: 
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A method for manufacturing an 



interconnect structure comprising tjfe steps 



forming a .cess within a dielectric — « *— ° n 
^^^a.cesse^be.owa.ops^ofsaid^ecMc^ 

foxing a diffusion barrier layer on the recess within th/dielectric matenal; 

a material from whieh the seed layer is composed; / 

forming - electric* conductive layer on ^ seed iayer, the matena, from 

M of a materia, from which the electrical/ conductive ,ayer is composed, me 

or «H to ma, of me materia, frorn/hich the electrically conductive layer ,s 

composed; / , 

forming an energy absorbin/ayer on said electricaUy conduce ,ayer, satd 

electrically conductive layerT^ 

recess; and / . „ 

removing pLns of the energy absorbing ,ayer and the electncal y 

2 A nlod for manufacturing an interconnect structure as recited in Claim 1 , 
wherein the steZ forming a dtffuston barrier layer on the recess within the dieiectric 
material is a CVD deposition step. 



-Page 14- 



DocketNo. 11675.106 




3. A method for manufacturing an interconnectstr«6ture as recited in Claim 1, 

, ■ -v Att...:™ V,»i»»f1aver is substantially composed is 
wherein the material from winch the diffusior^amer layer 

seated from me group consisting o^e^a^etallics, and intermetallic, 

0^ A m\od formanufacturing an interconnect structure as recited in Claim 1, 

f I A method for manufacturing an interconnect structure asrefcited in Claim 1, 
„ further comprising the step, prior to the s*p of forming a seed layer/fce diffusion barrier 
I ,ayer, of heating the diffusion barrier layer is an environme/ubs.ntiaHy containing a 

nitrogen gas. 

0)1 6. Amethodformanufa^ 

I ,A n th/diffiision barrier layer is a CVD deposition 

« whereinthestepofdepositmgaseedlayer^n^diffusionbarner y 

16 step. 
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7 A method for manufacturing an interconnect structure as recited in Claim 1, 
2 „ I the group consisttagofce/nics, mealies, and intermetallics. 

p wherein the materia, from which I seed layer is composed is seiected from the group 

25 
26 
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•>J 9 AmAormanufetunnganin.erconneasUuc.ureasreoi.edmClaun!, 
Jherein me material ft om\hich the e.ectiicaUy conductive layer is composed is selected 
from the group consisting ofVminum and copper. 

10 A method for manufacUtring an interconnect structure as recite/in Claim 1 , 
wherein the energy absorbing iayer is substantia,* composed of a matched tan ft. 
gr „„p consisting of titanium, titanium nitride, tungsten, tungsten n/de, siiicon rntnde, 
silicon dioxide, tantalum, tantalum nitride, and carbon. 

„ Ame^forn^ufacturinganmterconneXctureasrecMinClaim 1, 
herein the step of applying energy to said energy^ layer . hea, the energy 

laser, a furnace, and an RTP lamp. 

,2 A method for manufact^/an interconnect structure as recited in Claim 1. 
serein said sfcp of removing porii^f the energy absorbing layer and the electrically 
conductive layer is an abrasive planarization step. 

,3 A method f/manufactaring an interconnect structure as recited in Claim 12, 
.herein said step of 2** portions of the energy absorbing layer and the electricaUy 
conductive layer is/h=mical mechanical planariring step. 
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e as recited in Claim 1, 
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16. 



. method for manufacturing an interconnect structure comprising the steps 



patterning and etching a dielectric material situate/ on a semiconductor 
substrate assembly so as to form a recess within the diele/tric material, said recess 
being situated below a top surface of said dielectric material; 

depositing a diffusion barrier layer within/e recess within the dielectric 
material, the diffusion barrier layer being compo/d of a material selected from the 
group consisting of ceramics, metallics, and intermetallics; 

depositing a seed layer on the dif&sion barrier layer, the seed layer being 
composed of amaterial selected from^group consisting of ceramics, metallics, 
and intermetallics, the material from ^/hich the diffusion barrier layer is composed 
having a melting point greater tha/or equal to that of the material from which the 

seed layer is composed; 

depositing an electriciy conductive layer on the seed layer, the material 
from which the diffusion^ layer is composed having a melting point greater 
than that of the materi|u/om which the electrically conductive layer is composed, 
the material from wrjjhe seed layer is composed having a melting point greater 
than or equal to fta/Me material from which the electrically conductive layer is 
composed; 

depositi/g an energy absorbing layer on said electrically conductive layer, 
said energy Zorbing layer being composed of a material having a higher melting 
point mar/that of the material from which the electrically conductive layer is 

compos^ , 

Ling the energy absorbing layer so to as heat the conductive layer and to 
caui said conductive layer to flow within said recess; and 
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planarizing the 



semiconductor substrate assprn% so as to remove those 



portions of the energy absorbing layer and 



lectrically conductive layer that are 



situated above the top surface of the^iefectric material. 

<?lf 17 Xthod for manufacturing an interconnect structure as recited in Claim 16, 
whereinmematen^ 

group consisting of 2^^^^^^^*^"** 



-fP 18 AmemodforWufac^ 

wheTein the material from wh!ch the seed layer is composed is selected from the group 



consisting of aluminum, titanium i 



itride, titanium, and titanium aluminide. 



O 




^jj 19 Amemodformanufacturlnganmtercormects 
wherein the material from which the eUcally conductive layer is composed is selected 
from the group consisting of aluminum and copper. 

20 A method for manufacturing an m^cfnnect structure as recited in Claim 16, 
wherein the energy absorbing layer is subtly composed of a material selected from me 
gr oup consisting of titanium, tita^tride, tungsten, tungsten nitride, silicon mtnde, 
silicon dioxide, tantalum, tantalum nitride, and carbon. 



O 



26 



21. Amemodfortaufacturinga^ 16 ' 
wherein the recess has an aspect\atio greater than about 4 to 1 . 
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22. A method for manufacturing an 



interconnect strugtur^as recited in Claim 16, 



wherein the recess comprises a contact 



hole situated>5tmv a trench, said semiconductor 



substrate 



assembly having a lower subsuate^efrning a plane, said contact hole ternunahng 
a, an end thereof a, said lower subs$f d terming a. an opposite end thereof a, sard 

trench, said trench exte„dhrg>4^PP°^ -* — " at °" ° f 
said dielectric materia^-h extending substantially parallel to the plane of the lower 

substrate. 
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23. A method for 



manufacturing an interconnect structure comprising the steps 



patterning and etching a dielectric material situated o/a semiconductor 
substrate assembly so as to form a recess within the dU^U said recess 
being situated below a top surface of said dielectric material; 

depositing a diffusion barrier layer within the r/cess within the dielectric 
material, the diffusion barrier layer being composed o/a material selected from the 
group consisting of aluminum nitride, tungste/ nitride, titanium nitride, and 

tantalum nitride; . 

depositing a seed layer on the difWn barrier layer, the seed layer being 
composed of a material selected from ft Jroup consisting of aluminum, titanium 
nitride, titanium, and titanium alunun/e, the material from which the diffusion 
barrier layer is composed having a m/ting point greater than o, equal ,0 mat of the 
material from which the seed laye/is composed; 

depositing an electricWconductive layer on the seed layer, the material 
from which the diffusion bUr layer is composed having a melting point greater 

material fan which ftes4d layer is composed having a melting point greater than 
or equal to that of th/material from which the electrically conductive layer is 
composed, the mate/al from which the electrically conductive layer is composed 
is selected from th/group consisting of aluminum and copper; 

depositin/an energy absorbing layer on said electrically conductive layer, 
said energy ahLng layer being composed of a material having a higher melting 
point man L of the material from which the electrically conductive .ayer ,s 
compose/fte energy absorbing layer being is subs^tially composed of a material 
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selected from the group consisting of titanium, titanium 
nitride, silicon nitride, silicon dioxide, tantalum, 



ride, tungsten, tungsten 



heating the energy absorbing layer so y 



urn nitride, and carbon; 
'heat the conductive layer and to 



cause said conductive layer to flow withjyaid recess; and 

planarizing the semiconductoAte assembly so as to remove those 
portions ofthe energy absorbing lay^d the electrically conductive layer that are 
situated above the top surface /me dielectric material. 
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24. A method for manufacturing an 



interconnect structure comprising 7 the steps 



fanning a dieieCic « ' «« ^ T ^ " ^ 

seI „iconduc.o. subs ta ,e assen*. said monocrine siHcon/aye. defining a 

Plme; paneming and e,c„ing *. die.ee.Hc so as Xn a »- **» 

^ aie.ee.ie m a.ena., said .ecess conning a conuJhoie si.ua.ed fce.ow a 
^ said coniac. no.e .e— , - end *J a. *e sUieon .aye. an 

o^endofs.deon.e.ho.e.oa.ps^ee/fsaiddieiee.en,^,. 
.positing a diffcsion «« .aye. - .cess win* <ne — » 

group consisting of ceramics, me.a.Kcs, id imcmOalhcs; 

aepositing a seed ,aye. on <ne /**ion We. .aye., «. seed .aye. fcnng 

♦ tlALeaual to that of the material from which the 
having a melting point greater t^*^ 

seed layer is composed; # — 

d epos,in g a,aye.V^*^ 0f—0n,heSeedlayer ^ 

i.vingame.nngpoi/^a.e.manoreaua^to.ofainnnnun,; 

said ene, g y aJing .aye. being composed of a n^na, having bo, a h.ghe r 
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14 




^^oncapao^anddecrici— capaci^t of me material 

from which the electrically conductive layer is compcjs ' 

.K.„,Kin» laver so to afTheat the conductive layer and to 
heating the energy absorbing layer so uy* 

cause said conductive layer to flow withir^aid recess; and 

planarizing the semiconduj^ubstrate assembly so as to remove those 
portions of the energy absorbing and the electrically conductive layer that are 
situated above the top surface of the dielectric material. 

25 A method for manufacturing an interconnect structure as recited in Claim 24, 

wnerein the material from wh\e seed layer is composed is selected from the group 
consisting of aluminum, titanium »k titanium, and titanium alumtrnde. 

27 A»^to«-^^» i r^ - ^" , ^ ina,k,,Ml 

wherein the material from which the ending layer is s—lly composed * 
sdected from the gtoup consisting of #~ tungsten mtnde, 

silicon nteide, silicon dioxide, tan/m, tantalum nitride, and carbon. 
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M . A method for man—. - ~ "T ^ 

forming a, least one silicon layer « a monocrine icon layer of a 

oont ac, hole — a, . en. thereof *l - - o»e £ » 

op^endofsaiacon^ho.e.oa.p/faceof^a.^onesa.con^, 

•„ » ra Uelt/the plane of the noncrystalline smcon 
the trench being substantially parallel^ the plane 

^epositntgadiffusion bartt/layet^n the recess ^nn.e at, ea, one 

the ^p consisting of aluXn nitride, tungsten nitride, ftanmrn -de, and 

tantalum nitride; / \J . 

11, u^um, I— — , tbe — from ^ ft. — 

nraterialfrom/hichteseedlayeriscomposed; 

deposlgalayersubstanuallycomposedofalurninunronteseedlayer^e 

^ifcatof— ..ematerialfromwhichU.eseedlayertscomposed 
te vin Jmelting point greater than o, e,ual to ft* of aluminum; 
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depositing an energy absorbing layer on said electrify conductive iayer, 
said energy absorbing layer being compose, of a nWral having bo* a higher 
.bermal insulation capacity and electric insulation canity than that of the material 
from which the electrically conductive .ayer is exposed, the materia, from whtch 
,ne energy absorbing layer is substantially c/mposed is selected from the group 
consisting of titanium, «-*» nitiidyn^sten, tungsten nitride, silicon nitnde, 
silicon dioxide, tantalum, tantalunl rUk and carbon; 

heating the energy absorbing so to as heat the conductive layer and to 
eause said conductive layer to f/\within said recess; and 

p.anariang the senuc/ductor substiute assembly so as to remove those 
portions of tire energy absorbing layer and the electrical* conductive layer that are 
situated above the top /face of the at least one silicon layer. 
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29. An interconnect structure comprising: 

a lower substrate situated on a semicondu^or substrate assembly, said lower 

substrate defining a plane; 

a dielectric material on the lower s^strate having a planar top surface; 
a recess within said dielectric material, said recess comprising a contact hole 
situated below a trench, said coitaUole terminating at an end thereof at the lower 
substrate and terminating at an U^cad thereof at said trench, said contact hole 
being oriented substantially yAn6iX^V^ of said lower substrate, said 

trench extending from s^4»Jj^ hole t0 * t0P ° f 

dielectric material, the/ench exuding substantially parallel to the plane of said 

lower substrate; an$ 

an electrically conductive laye\ situated within and filling both the contact 
hole and the Znch and extending to terminate at the planar top surface of the 
dielectric ii4terial. 
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30 An interconnect structure comprising: 

a lower substtate stated on a semiconductor substrate^sembly, said lower 

substrate defining a plane; 

a dielectric material on the lower substrate havin/a planar top surface; 
a recess within said dielectric material, said recc/s comprising a contact hole 
sin^be.owatrench.saidcon^.hole— n/atanendutereofatdre silicon 

layer and terminating at an opposite end thereo/at said trench, said contact hole 
being oriented substantially perpendicular to d/plane of said lower substrate, sa,d 
ttenchextending from said opposite end of id contact hole to a top surface of sa,d 

substrate; 

a diffusion banier layer on th/trench and the contact hole; 
a seed layer on^ffusio/barrier layer, the diffusion barrier layer being 
composed of a materi al\ \J melting point greater than or equal to that of a 

material from which the se\d^y\is comprised; and 

! seed layer and extending to terminate 
al, the material from which the 
diffusion barrier layer i/compo^k having a melting point greater man that of a 



an electrically condu^tive\ 
at the planar top surface ,of thVaielectric 



aillUSlOn Dainci y> r~- « 

which the seed lay/is composed hav^g a melting point greater man or equal to 
that of the material from which the electrically conductive layer is composed. 

31 ^interconnect structure as defined in Claim 30, wherein the material from 
which me diffusionlarrier iayer is substantially composed is selected from the group 
consisting of alum/urn nitride, tungsten nitride, dtanium nitride, and tantalum mtrtde. 
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32 Mtoonnec.s.n.c^asdefmedmCl^wherein.hema.enal from 
is s „b S tantiallK'>'P° sed >^ Cted ^ ^ C0 ° SiSting ^ 



which the seed layer is 
aluminum, titanium nitride, titanium! an 



iium aluminide. 

33 An interconnections def^ in Claim 30, wherein the material from 
which the electtically conductive 4 b substantially composed is se,ected from me group 
consisting of aluminurn and copper. 
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34. An interconnect structure comprising: 

amonocrystalline silicon layer of a semiconductor substrate assembly, said 
monocrystalline silicon layer defining a plane; 

a dielectric material on the monocrystalline silicon layers 

a recess within said dielectric material, said recess comprising a contact hole 
situated below a trench, said contact hole terminating at an erid thereof at the silicon 
layer and terminating at an opposite end thereof at said l/rench, said contact hole 
being oriented substantially perpendicular to the pla/e of said monocrystalline 
silicon layer, said trench extending from said opposite end of said contact hole to 
atop surface of said dielectric material, the trench^xtending substantially parallel 
to the plane of said monocrystallir 

a diffusion barrier layer on ihWnch/and the contact hole, the diffusion 
barrier layer being substantially combo^dyof a material selected from the group 
consisting of aluminum nitride, tungVerAtride, titanium nitride, and tantalum 
nitride; 

a seed layer on the diffusion bataeYWyer, the seed layer being substantially 
composed of a material selected frorn the ftoup consisting of aluminum, titanium 
nitride, titanium, and titanium atominide, tL material from which the diffusion 
barrier layer is composed havin/a melting poiV greater than or equal to that of the 
material from which the seed/layer is composed! and 

an electrically conducive layer on the seed layer and extending to terminate 
at the planar surface of th/dielectric material, the material from which the diffusion 
barrier layer is composed having a melting point greater than that of the material 
from which the electrically conductive layer is composed, the material from which 
the seed layer is composed having a melting point greater than or equal to that of the 
material from which the electrically conductive layer is composed, the material from 



- Page 30- 



Docket No. 11675.106 



* • 




o 



- Page 31 - 



Docket No. 11675. 



